Improvements in cerebral blood flow and recanalization rates with transcranial diagnostic ultrasound and intravenous microbubbles after acute cerebral emboli.
Intravenous microbubbles (MBs) and transcutaneous ultrasound have been used to recanalize intra-arterial thrombi without the use of tissue plasminogen activator. In the setting of acute ischemic stroke, it was our objective to determine whether skull attenuation would limit the ability of ultrasound alone to induce the type and level of cavitation required to dissolve thrombi and improve cerebral blood flow (CBF) in acute ischemic stroke. In 40 pigs, bilateral internal carotid artery occlusions were created with 4-hour-old thrombi. Pigs were then randomized to high-mechanical index (MI = 2.4) short-pulse (5 microseconds) transcranial ultrasound (TUS) alone or a systemic MB infusion (3% Definity) with customized cavitation detection and imaging system transmitting either high-MI (2.4) short pulses (5 microseconds) or intermediate-MI (1.7) long pulses (20 microseconds). Angiographic recanalization rates of both internal carotids were compared in 24 of the pigs (8 per group), and quantitative analysis of CBF with perfusion magnetic resonance imaging was measured before, immediately after, and at 24 hours using T2* intensity versus time curves in 16 pigs. Complete angiographic recanalization was achieved in 100% (8/8) of pigs treated with image-guided high-MI TUS and MBs, but in only 4 of 8 treated with high-MI TUS alone or 3 of 8 pigs treated with image-guided intermediate-MI TUS and MBs (both P < 0.05). Ipsilateral and contralateral CBF improved at 24 hours only after 2.4-MI 5-microsecond pulse treatments in the presence of MB (P < 0.005). There was no evidence of microvascular or macrovascular hemorrhage with any treatment. Guided high-MI impulses from an ultrasound imaging system produce sustained improvements in ipsilateral and contralateral CBF after acute cerebral emboli.